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The surface of ascidian eggs moves toward the vegetal pole accompanying shape 
modification during the bipolar ooplasmic segregation just after fertilization. 
In Oiona intestinalis eggs, surface constriction begins near the animale pole and 
then shifts toward the vegetal pole. Similar surface change is observed even in 
the eggs in which cytoplasmic components are stratified by centrifugation. This 
suggests that the egg cortex contractS first in all area except for the animal 
polar region and after the appearance of the constriction in the vegetal area from 
the constriction. The movement of the peripheral part of the stratified layers 
suggests that the cytoplasmic components underlying the cortex are passively 
moved by the cortical contraction. 
The cortical contraction and the ooplasmic movement are induced by 
calcium ionophore A23187 and inhibited by cytohcalasin B. All the vegetal 
cortical area from the constriction is deeply stained with fluorescent phalloidin. 
These suggest that the nscidian egg cortex contains actin filaments. 
The speculation concluded from these findings is as follows: A basekt-like 
contractile system opening near the animal pole contracts after fertilization. 
The contraction of the basket pushes the inner yolk toward the animal pole and 
drags the subcortical cytoplasm toward the vegetal pole, resulting in bipolar 
ooplasmic segregation. 
Ooplasmic segregation is the rearrangement and the localization of the 
ooplasmic components in an egg. It has an important role in two aspects. The 
first is that it results in the localization of cytoplasmic factors which influence 
cell differentiation in embryogenesis. For example, the segregation of cytoplasmic 
factors was supposed to be related with the appearances of tissue-specific enzyme 
activities in ascidian larvae (WmTTAKER, 1973, 1979). The second is related to 
embryonic spatial organization. Dorso-ventral and anterio-posterior axes become 
visible after ooplasmic segregation. Though the dorso-ventral axis usually 
corresponds to animal-vegetal axis of the unfertilized egg, the anterior-posterior 
axis seems to be formed by ooplasmic segregation. For example, three dimentional 
organization of amphibian and ascidian embryos become visible after the formation 
of one or several crescents as a result of ooplasmic segregation. 
The ooplasmic segregation has been studied with three main purposes. The 
first is the tracing of cytoplasmic transfer and rearrangement. The second is to 
1) Contribution from the Marine Biological Station, Tohoku University, No. 478 
2) iRa! ~£~ 
123 
124 T. SAWADA 
reveal its role in cell differentiation. The third is to reveal the mechanism of 
cytoplasmic movement in it. 
The major of the studies about ooplasmic segregation has been conducted with 
the first and the second purposes. Although cytoplasmic factors regulating cell 
differentiation are not completely explicated, there would be no doubt that cytoplasm 
plays an important role in animal embryogenesis. Ooplasmic segregation is 
important to control the concentration or distribution of cytoplasmic factors 
about cell differentiation into blastomeres by cleavage. 
Only a few investigations have been carried on the mechanism of cytoplasmic 
movement in ooplasmic segregation. Ooplasmic segregation is not a random 
movement of ooplasmic components but a directed and orderly movement. 
CoSTELLO (1948) suggested as a possible mechanism for this movement that each 
ooplasmic component moves along the electric potential because of their electric 
charges. He thought that such an electric field is formed by the diffusion of 
"diffusing substance" from one point of the surface into the egg after fertilization, 
as a result of the "diffusion effect" suggested by TEORELL (1937). This 
hypothesis was applied to explain the mechanism of ooplasmic segregation in 
some animal eggs, but it has not been actually proved yet. 
Recently, the investigations have been carried on the cortical contraction with 
relation to the cytoplasmic movement in several animal eggs (IwAMATSU, 1973 in 
Oryzias; PALECEK et al., 1978 in Xenopus). In ascidian eggs, it is suggested by 
the egg shape modification and the surface movement that the cortex contracts 
during the ooplasmic segregation (ORTOLAN!, 1955; REVERBERI, 1971; SAWADA 
and 0SANAI, 1981). The present review deals with what contractile system of 
cortex controles the bipolar ooplasmic segregation in ascidian eggs. 
OOPLASMIC SEGREGATION IN ASCIDIAN EGGS 
Ascidian eggs give one of the most famous example of ooplasmic segregation. 
An important study of the tracing cytoplasmic movement in the ooplasmic 
segregation was first done by CONKLIN (1905). He traced the movements of three 
kinds of cytoplasm in the ooplasmic segregation and the distribution of them during 
cleavage stage. These cytoplasms were named as endoplasm, mesoplasm and 
ectoplasm according to the tissues which were formed from the blastomeres 
containing these plasms. It may be possible that plasma contain some factors 
responsible for the differentiation of the cells in each corresponding tissues. 
WHITTAKER (1973, 1979) suggested that cytoplasmic factors responsible for the 
appearances of tissue-specific enzyme activities are distributed into particular 
blastomeres. 
Some important factors seem to be localized during the ooplasmic segregation 
because the fertilized eggs lose regulation until the first cleavage in spite o 
unfertilized eggs being regulative in development. 
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There has been a clear evidence to show that the ooplasmic segregation has 
important role in ascidian development. Unfertilized eggs cut in half in any 
direction can develop into tadpoles (ORTOLAN!, 1958; REVERBERI and ORTOLAN!, 
1962), but the animal halves from fertilized eggs cut at the equator after first polar 
body formation can not develop into tadpoles (ORTOLAN!, 1958). These 
experiments showed that the ooplasmic segregation before first polar body formation 
is an important step causing the regulative potency about the development of 
ascidian eggs. Ooplasmic segregation after polar body formation is considered to 
be important because it forms the basic organization of the embryo and presumptive 
areas in ascidian development. 
The motive force and the controlling mechanism of the cytoplasmic move-
ment have been investigated except for a CosTELLO's hypothesis (1948). He 
applied TEORELL's "diffusion effect" (1937) to the mechanism of ascidian ooplasmic 
segregation. But his hypothesis has not been proved. A few observations about 
the surface movement which seems to be associated with the cytoplasmic move-
ment (CONKLIN, 1905; ORTOLAN!, 1955) and inhibition of cytoplasmic movement 
by cytochalasin B (ZALOKAR, 1974; REVERBERI, 1975) were reported. From the 
observation of surface movement and cortical changes during ooplasmic segrega-
tion, SAWADA and 0SANAI (1981) proposed that the mechanism of the ooplasmic 
segregation is associated with cortical contraction. 
MOVEMENTS OF OOPLASMIC COMPONENTS DURING 
OOPLASMIC SEGREGATION 
First important observation of the cytoplasmic movement by CoNKLIN 
(1905) and many following studies have been done in many species (HIRAI, 1941; 
REVERBERI, 1961, 1971; MANCUSO, 1964). Unfertilized eggs contain a lot of yolk, 
usually opaque cytoplasm, in inner part and numerous mitochondria in peripheral 
cytoplasm, pigmented or clear cytoplasm. The nucleus at the metaphase of the 
first motic division is just under the animal pole. Spermatozoon is considered to 
enter near the vegetal pole although animal half of eggs can be easily fertilized when 
they are cut at the equator (REVERBERI, 1971). When eggs are fertilized, the 
peripheral cytoplasm flows toward the vegetal pole and gathers near the pole. The 
inner yolk moves in the opposite direction and occupies the animal half. The sperm 
nucleus and the aster are in the peripheral part of the vegetal hemisphere. First 
and second polar bodies are formed at the animal pole. After second polar body 
formation, the male pronucleus moves to the equatorial region and then into the 
center of the egg. The female pronucleus also moves to the center of the egg and 
fuses with the male pronucleus. Along with these nuclear movements, the per-
ipheral cytoplasm of unfertilized eggs, gathering near the vegetal pole after 
fertilization, moves to the sub-equatorial region on the side, to which the male 
pronucleus moves, and forms the crescent there. 
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As REVERBERI (1961) described, cytoplasmic movement from fertilization to 
first cleavage can be divided into two steps. The first step is movement from 
fertilization to first polar body formation. In this step, peripheral cytoplasm 
gathers in a small area near the vegetal pole, while inner yolk moves toward the 
animal pole. This is bipolar ooplasmic segregation. The second step is movement 
from first polar body formation to first cleavage. This movement results in 
the formation of the embryonic spatial organization defined by one or sevral 
pigmented crescents, the yellow crescent in Styela (CONKLIN, 1905) for example. 
Regarding the components of the peripheral cytoplasm of unrtfeilized eggs, 
large vesicles (MANCUSO, 1963) in Oiona intestinalis* and oil droplets in Styela 
(BERG and HUMPHREYS, 1960) were observed although their movements and the 
localization in development have not been reported. Gionet intestinalis (Japanese 
species) eggs have subcortical granules in the peripheral cytoplasm (SAWADA and 
0SANAI, 1981), and the cytoplasm containing numerous mitochondria, subcortical 
granules and a few yolk granules was named as subcortical cytoplasm. Sub-
cortical granules of Oiona are segregated into the muscle cells of tadpole during 
cleavage stage (Fig. 1) in the same way as the segregation of peripheral mitochondria 
of unfertilized eggs which was traced by many workers (REVERBERI 1971). 
EGG SHAPE MODIFICATION DURING THE FmST S'rEP (BIPOLAR SEGREGATION): 
During the first step, ascidian eggs more or less modify their shape 
(REVERBERI, 1971). Oiona eggs become dumbbellshaped because of a definite 
constriction (SAWADA and OsANAI, 1981). Halocynthia rm·etzi eggs modify their 
shape only a little. The constriction in Oiona eggs appears at first near the animal 
pole and moves toward the vegetal pole. So the egg shape changes to pear-shaped 
first, next dumbbell-shaped and finally reversed pear-shaped. When the 
constriction nears the vegetal pole, a cytoplasmic cap containing clear plasm is 
formed at the vegetal pole (Fig. 2). Cytoplasm also moves at the same time as the 
shape modification (SAWADA and OsANAI, 1981). Light microscopy shows that 
inner yolk granules flow into the animal hemisphere through the constricted part 
and peripheral cytoplasm moves toward the vegetal pole with the movement of the 
constriction. Transmission electron microscopy suggests that subcortical cytoplasm 
moves with the movement of the constriction. The boundary of the subcortical 
cytoplasm almost matches the position of the constriction at the early stage of 
shape modification, but the former is dislocated from the latter at later stages. 
The constriction moves nearer to the vegetal pole than the border of the 
subcortical cytoplasm. Then, the constriction gradually disappears by the time 
of the first polar body formation. 
* Giona in Italian seas, may correspond to Giona 1·obusta (HosHINO, persona l comunica-
tion). So it is different from Giona intestinalis in Japanese sea. 
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G -Fig. 1. Segregation of subcort ical granule (SCG). SCGs are transparent (A, B, C) whereas 
t hey are looked dark when t hey aggregate (C, D , E, F ). A: Unfertilized egg. SCGs 
(arrow) are distributed all area except for the area near the animal pole (ap). B: Egg 
a.t t he la.te stage of first step of ooplasmic segregation. SCGs are gathered near t he 
vegetal pole (vp) . C: Egg before first cleavage. SCGs are gathered at posterior region 
(arrow). c indica.tes chorion. D: Blastomeres at 8-cell stage. A lot of SCGs a.re 
included in two blastomeres (ar rows). E: Embryo at 32-cell stage. A lot of SCGs 
are included in six cell s (arrows). F: Embryo at ta il -bud st-age. A lot of SOGs a re 
included in the cells lining both side of the tail (a.rrows). G : Tadpole larva. after hutch-
ing out. SCGs (arrow) a.re included in t he muscle cells of t he tail. Bars are 10 ftm. 




Fig. 2. Sha.pe m )dification du ring the first step of ooplasmic segregation in Ciona in testinalis 
eggs. A : Unfertilized egg. B: Egg about 1 minute after fertilization. A constriction 
appeares near the anima l pole (ap). vp indicates the vegetal pole. C: Egg in which 
the constriction reaches t he equator. D: Egg at the late stage of t he movement of 
t he constriction. E: Egg at the late stage of t he movement of the constriction which 
reaches near t he vegetal pole. The transparent cytoplasmic cap is formed a.t t he 
vegetal p ole, abont 3-5 minntes after ferti liza.tion. F: Constricted egg upon fertilization 
norm<tlly in the chorion. Bar is 50 ,urn. 
MovEMENT Ol!' THE EGG smwA cE 
CoNKLIN (1905) reported that test cells forming a sheet around the egg are 
gathered at the vegetal hemisphere after ferti lization. Challc granules attached 
to the egg surface move also toward the vegetal pole (ORTOLANI, 1955). SAvVADA 
and OsANAI (1981) showed that carmine granules and spermatozoa attached to the 
egg surface move toward the vegetal pole and gather there (Fig. 3, 5). This move-
ment of markers attached to the egg surface indicates that the egg surface moves 
toward the vegetal pole. 
Other evidence which indicates the movement of the surface is obtained by 
scanning electron microscopy (Fig. 4, 5). In unfertilized eggs of Ciona intestinalis, 
microvilli are distributed uniformly on the whole surface. After fertilization micro-
villi disappear from the surface of the animal side area of the constriction and 
become more dense near the vegetal pole (SAWADA and OsANAI, 1981). In this 
time, the density of microvilli in the vegetal area increases to nearly two times of 
that of unfertilized eggs (Table 1). The microvilli there seem to be longer than 
those of unfertilized eggs. At the late stage of shape modification, the surface 
of the cytoplasmic cap forms numerous blebs. The microvilli are thought to be 
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Fig. 3. Movement of t he ca.rmine granu les attached on the egg surface a.fter fe r tili:.mtion in 
Gionx intestinCLlis. The granule (a.rrows) near t he anima,! pole (ap) in A, when a 
constr iction appeares, moves tow<>rd the vegeta.I pole (vp) and reaches near t he vegetal 
pole in B , when the constriction reaches ne<>r the vegetal pole. Bars <>re 10 .urn. 
l!"'ig. 4. Dumbell-shaped egg in the shape modifica.t ion of c~:ona (sc<>nning electron micl·o-
scopy). A : View of t he whole egg. ap, animal pole; vp, vegetal pole. Bm· is 10 ,um. 
B , C, D: micrographs at higher magnific<>tion of areas b, c, din A, respectively. Bars 
are 1 ,um. (From SAWADA and O SANAI 1981). 









0.5 min. 3 min. 
Fig. 5. Diagram illustrating the shape modification, the changes on the egg surface and in 
the egg cortex and the movements of cytoplasmic components during the first step of 
ooplasmic segregation in Oiona egg. Fertilization and the exposure to ionophore A23187 
induce these changes. The exposure to cytochalnsin B inhibits them. MIT and MV 
indicates mitochondrion n.nd microvillus respectively, which are gathered near the 
vegetal pole (vp) in this step. A dotted line and dashed lines in the periphery are the 
supposed contractile structure in the egg cortex. Circles of dotted line beneath the 
animal pole (ap) indicate the location of egg nuclei. 
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Table 1. 
Density, length and diameter of the microvilli on the surface 
of unfertilized eggs and fertilized eggs. 




Eggs after first polar body 
formation 
No./120 I'm' 




55. 8±0. 7 
(n=31) 












gathered there by the surface movement. The blebs on the cytoplasmic cap seem to 
indicate that membrane is gathered in such a small area. 
Thls change of the microvilli distribution gives information about surface 
movement. Their disappearance from the animal side seems to indicate that 
the surface stretches there. On the contrary, the increase of the density of 
microvilli near the vegetal pole seems to indicate that the surface contracts there. 
In this stage, eggs become weak near the animal pole. Eggs are ruptured always 
at the animal pole on the distruption by detergent. In Pyura michaelseni, eggs in 
this stage are easily ruptured at the animal pole even by light used for light 
microscope. Thls suggests that the surface membrane of the animal side is passively 
stretched by the contraction of the vegetal side. It is not known how the animal 
hemisphere is supplied with the membrane covering the stretched surface. 
An intermediate zone in the distribution of microvilli are observed 
between the constriction and the microvilli dense area, having sparse and short 
microvilli. Thls narrow band area riming the contracting vegetal hemisphere 
seems to indicate the dislocation between the membrane and the cortex. The 
surface membrane seems to be loosened from the cortex in this area because of 
being pulled toward the animal pole by the tension of stretching surface 
membrane in animal area. Membrane whlch covers the surface of microvilli seems 
to be stretched causing microvilli to be short and sparse in thls area. 
Therefore, the egg surface is considered to move toward the vegetal pole during 
the first step of ooplasmic segregation. Provably thls movement depends on the 
contraction of the egg cortex underlying the membrane. The surface membrane 
seems to be loosened from the cortex in a particular region during these movements. 
ZALOKAR (1979) showed that ooplasmic segregation occurred in eggs whose membrane 
movement is inhlbited by attaching the egg to some matrix or coating with lectin. 
It seems to support the idea that the cortex can move independently from the 
surface by being loosened from the surface. 
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CONTRACTILITY OF THE CORTEX 
Though there are some questions, the surface movement suggests the 
cortical contraction during the first step of ooplasmic segregation. Shape 
modification of centrifuged eggs gives an evidence that a contractile force is 
produced in the cortex resistant for the centrifugation. Centrifuged eggs (11,000 
g, 5 min), in which cytoplasm is stratified, undergo the shape modification similarly 
to normal eggs. The constriction is formed without any relation to stratified 
cytoplasm or to the centripetal-centrifugal axis (SAWA.DA, 1982). 
If the cortex contracts only at the constriction, the surface should move 
toward the constriction from both side and should return to its original position 
after the constriction passes through. Egg surface moves toward the vegetal pole 
at all positions as showed by the movement of carmine granules. This indicates 
that cortex contracts toward the vegetal pole in all points of eggs. The contraction 
in the cortex is presumed to occur in all directions because the contraction only in 
longitudinal direction can not produce the force causing the constriction. There-
fore, it can be supposed that contractile cortex forms the " basket" having the 
mouth near the animal pole in unfertilized eggs and the "basket" contracts in 
volume after fertilization (Fig. 11). Only this type of cortical contraction seems 
to be sufficient to produce the changes observed during the first step of ooplasmic 
segregation. 
CORTICAL CON'l'RACTION AS A PHYSICAL MECHANISM 
OF CYTOPLASMIC MOVEMEN'r 
The cortical contraction as described above could push the inner cytoplasm 
toward the arumal pole through the constricted part. In fact, at the early stage, 
cytoplasm streams through the constricted part into the small hemisphere of 
animal pole in Ciona (SAWADA, 1982). 
The movement of the subcortical cytoplasm toward the vegetal pole could be 
also caused by the cortical contraction. On the contrary to the inner yolk which is 
pushed to the animal side, subcortical cytoplasm is presumed to be dragged by the 
cortex contracting toward the vegetal pole. This speculation seems to be supported 
by three observations. 
Firstly, the subcortical cytoplasm moves as a gelatinous mass. On the way of 
it s movement, the layer of the subcortical cytoplasm is folded like a plate folded by 
some force (Fig. 6). This suggests that the subcortical cytoplasm has some 
stiffness and is dragged by the cortical contraction. The subcortical cytoplasm is 
also moved as a mass in the centrifugation of unfertilized eggs with 11,000 g for 5 
minutes at 8°C (Fig. 7). 
Secondly, in the shape modification of the centrifuged eggs, each stratified layer 
is bent in the direction, in which the constriction and the surface move (Sawada, 
1982; Fig. 7). Not only subcortical cytoplasm but also other cytoplasms such as 
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F ig. 6 . Ferti lized egg at t he late s tage of t he cytoplasmic movement in Diona (light micro-
scopy). Subcortical cytoplasm layer (arrow) is folded and t ranspa rent gap is formed 
beneath the densely stained cortex (c) in veget.:d a t·ea. ap, animal pole; vp, vegetal pole. 
Bar is 10 ttm. 
yolk layer seem to be moved toward the vegetal pole when they lie just under the 
cortex. So the subcortical cytoplasm ma.y be dragged unselectively by t he 
constracting cortex in normal bipolar segregation because it lies just under t he 
cortex. 
Thirdly, observati on with Nile blue staining in Halocynthict eggs (Fig. 8) 
indicates that yolk granules underlying t he subcortical cytoplasm are also moved 
toward the vegetal pole. Placing in Nile blue for several minutes, t he outer-most 
part of the inner yolk mass is stained. After fertilization, the stained yoll{ 
granules move toward the vegetal pole (Fig. 8), whereas inner yolk mass 
moves toward t he animal pole. The peripheral clear cytoplasm moves nearer the 
vegetal pole than these yolk granules. This indicates that subcortical cytoplasm is 
not the only cytoplasm moved toward the vegetal pole and that the outer cytoplasm 
is moved more distance toward the vegetal pole. 
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F ig. 7 .. Sha.pe mo~ificn.tion n.n~ surface movement after fertilization in cent rifuged egg of 
Owna. ~: D1n.gmm showmg t he stratification of egg cytoplasm after centrifuga-t ion 
m tmfertJhzed egg. In the order from t he cent ripetn.l side (cp), t he first layer is 
composed of subc::>rtical cytoplasm including numerous mitochondria and subcortica-l 
gran ules (s). The second layer is composed of clear cytoplasm including fine vesicles. 
The t hird layer is composed of yolk including a lot of yolk granules (y) and a few mito-
~hon~ia (m). In t he m ::>st centrifuga l side, t here is t he layer of clear cytoplasm 
mclt~dmg fine granular matrix. B: Unfertilized egg after centrifugation , remov<•l of 
chon on and the attachment of carmine granules (arrow) to t he surface. C, D : The 
same eggs as B after fertilization. Carmine granules (arrows) move toward the vegeta l 
pole (vp) along with the shape modification. Yolk layer (yl) bends toward the vegeta l 
pole itt the same t ime as the surface movement. ap, animal pole. Bars are 10 _urn. 
ap 
A vp • B =..--- -
Fig. 8. Ooplasmic segregation of Halocynthia TOretzi eggs stained with Nile blue. A: Nile 
blue-stained yolk granules in unfertilized egg (granules look dark). B: Egg after 
the first step of ooplasmic segregation induced by the exposure to ionophore A23187. 
Da.rk-sta.ined granules are gathered near t he vegetal pole (vp). Subcortical cytoplasm 
(clear cytoplasm a t periphery) is a lso gathered near t he vegetal pole. ap, animal pole. 
Bars are 10 .um. 
CONTRACTILE STRUCTURE IN THE CORTEX 
Some experiments suggest that contractile system exists in the cortex of 
ascidian eggs during the first step of ooplasmic segregation. Cytochalasin B m-
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hibit s ooplasmic segregation (ZALOKAR, 1974; REVERBERT. L975 ; SAWADA and 
OsANAI, 1981) and colchicine does not (ZALOKAR, 1974). 'l'hi B Buggcsts t hat 
cortical contraction which is considered to initiate bipolar cytoplasmic nwve-
ment is associated with actin filaments because cytochalasin B is believed to 
inhibit the function of t he actin filament system (WESSELJ~S et al. , 1971 ). 
Calcium ionophore A23187 induces the surface movement, t he shape modifica-
tion and the cytoplasmic .movement in the first step of ooplasmic segregation. 
Ionophore A23187 induces the increase of intracellular calcium ions in sea urchin eggs 
(STEINHARDT and EPEL, 1974), amphibian and mammalian eggs (STEINHARDT et al. , 
1974). Intracellular calcium ions also increase at normal fertilization in sea urchin 
eggs (EPEL, 1975) and 01·yzias eggs (GILKEY et al., 1978). Release of intracellular 
ionic calcium seems to be a universal factor promoting activation at ferti lization 
(STEINHARDT et al. , 1974). On the other hand, injection of calcium ions 
(GINGELL, 1970) and ionophore A23187 (ScHROEDER and STICKLAND, 1974) induce 
cort ical contraction in amphibian eggs. ScHROEDER (1975) suggested that 
calciw11 ions induce the contraction associated with actin filaments. Increase 
of intracellular calcium ions at activation by ionophore A2-3187 and ferti lization is 
presumed to induce the contraction associated with actin filaments in ascidian eggs. 
Actin filaments exist in the cortex of unfertilized and fertilized eggs in sea 
urchin (BEGG and :REBHUN, 1979). Actin filaments which seem to relate to 
cortical contraction are observed in egg cortex in many cases such as the 
contractile ring at cleavage (ScHROEDEl~, 1975, 1976) and in the constr icted 
region at the polar lobe formation in Ilyanassa eggs (COKRAD, 1973; ScHMIDT et al. , 
1980), at peristaltic constriction following fertilization in P olliciJJes polymerus eggs 
(LEWIS et al., 1973) and at the deformation movement of fertilized eggs in T ubifex 
hattai (Shimizu, 1975). 
:Reverberi (1975) thought that actin filaments in ascidian egg cortex during 
ooplasJnic segregation exist too sparsely to be detected . The mode of the cortical 
contraction in the first step of ooplasmic segregation suggests that the cor tical 
actin filaments in this stage does not form bundles of same-directed filaments as in 
contractile rings but forms a " basket" of network which has a mouth near the 
animal pole (Fig. 11). I t may be difficult to detect dispersed and non-aligned 
filaments. 
Transmission electron microscopy showed the electron-dense layer in the cortex 
of the cytoplasmic cap (SAWADA and OsANAI, 1981). The dense layer is al so 
observed at the cortex of th e vegetal side of the constriction during the movement 
of t he constriction. It may be composed of actin filaments gathered by the contrac-
tion. 
Filaments about 5~10 nm in diameter are observed in t he separated cortex 
from eggs during shape modification by the treatment with Triton X~100 (Fig. 9). 
But it is uncertain whether these are actin filaments or not. 
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F ig. 9. Egg cortex of Gionet. A: Cortex (arrow) of the fertilized egg separated by the riton-
t reatme.nt. Bar IS 10 11m. B: T ransmission electron m icroscopy of the separated cortex. 
Cort~x I S. composed of fine granular materia ls and the filamentous structure about 5- 10 
nm m diameter (arrows) . Bar is 0. 1 pm. 
F'ig. 10. F luorescent-phalloidin stain ing of the Ciona egg. A : F ertilized eg" at t he 
'~_Ppearance of the ~OI~stri ction. Fluorescence is observed at t he cortex of th~ vegeta.l 
Side f10m the constu ctwn. B: The same egg as Fig. 9-A. Fluorescence is observed at 
t he separated cortex . Bars are 10 11m. 
~n t~e other way, the existence of actin filaments in the egg cortex at the shape 
mo~If1c~twn JS also :'mggested by staining with fluorescent phalloidin (SAWADA, 1982) 
whiCh bmds to actm filaments (WuLF et al. , 1979). Fluorescent phalloidin stains 
the cor.tex over '~hole area of the vegetal side of the constriction (Fig. 10) though 
the ammal s1de 1s scarcely stamed. Fluorescent phalloidin also stains strono1y 
the separated cortex after Triton-tratment (Fig. 10). There still remains so~e 
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doubt in the specificity of staining with fluorescent phalloidin in vivo. However, 
actin filaments in cultured cells are considered to be specifically stained (WULF et 
al., 1979). Therefore, the result of staining in ascidian eggs seems to suggest that 
actin filaments are distributed more densely in the cortex of vegetal side of the 
constriction than in the cortex of animal side. This agrees with the distribution of 
cortical actin filaments supposed by the previous investigations. 
DISCUSSION 
In the bipolar ooplasmic segregation of ascidian eggs, the cortical contraction 
seems to play an important role in providing the motive force of cytoplasmic move-
ments. 
Cortical contraction in ascidian eggs is unique among cases of cortical con-
traction in animal eggs. The contraction accompanied by the constriction is 
usually restricted t o a narrow region like contractile rings in cases such as cleavage 
(ScHROEDER, 1975, 1976), polar lobe formation in Ilyanassa eggs (CoNRAD, 1973), 
the peristaltic constriction in Pollicipes eggs (LEWIS et al. 1973) and the deformation 
movement in T ubifex eggs (SHIMIZU 1975). Amphibian eggs exposed to ionophore 
A23187 undergo cortical contraction and form a cytoplsmic cap composed from 
peripheral cytoplasm at the animal pole. This contraction is similar to that in 
ascidian eggs though inverse in direction. Blebs similar to those on t he ascidian 
cytoplasmic cap are formed on the surface of the polar lobe in gastropod Buccinurn 
ttndaturn eggs (DoHMEN and VANDER MEY 1977). It may be another example of 
the cortical contraction similar to that of ascidian eggs. 
ELINSON and MANES (1978) showed contraction toward the sperm entry site in 
amphibian eggs accompanied by the large blebs formation at the sperm entry site. 
In ascidian eggs, the crescent composed of the peripheral cytoplasm is formed 
in the region corresponding to the highest concentration of ionophore A23187 when 
eggs are exposed to a gradient of the ionophore. (JEFFERY, 1982). Spermatozoa 
are thought to enter near the vegetal pole. It is an interesting problem whether 
the direction of the cortical contraction is related to the sperm entry site in asci-
dian eggs. 
The molecular mechanism concerning the contraction associated with cortical 
actin filaments is not known although some possibilities have been proposed 
(ScHROEDER, 1975; DRENKHAHN and GROSCHEL-STEWAR, 1980). The filaments 
counter directed each other are postulated to slide. Provably the contractile 
system needs myosin as sub.stancial component. Myosin-like protein exists in the 
cortical layer of sea urchin eggs (l\'IABUCHI, 1973) and star fish eggs (MABUCHI, 1974). 
Anti-myosin antibody inhibits the cytokinesis (MABUCHI and Okuno, 1977). It 
could be assumed that an interaction of cortical actin filaments and myosin causes 
the cortical contraction. 
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CONCLUSION 
Bipolar ooplasmic segregation in ascidian eggs, the first step of ooplasmic 
segregation in ascidian eggs, seems to be caused by the cortical contraction in the 
whole area except small region at the animal pole at first and in the whole area in 
vegetal side of the constriction after the formation of the constriction. I propose 
the following as the mechanism of the bipolar ooplasmic segregation. 
The network structure of the contractile system, composed of actin filaments in 
the egg cortex, makes the "basket" opening at the animal pole (Fig. 11). This 
"basket" contracts in volume after fertilization and forms the constriction at the 
mouth of the "basket" near the animal pole. The contraction of the "basket" 
pushes inner yoll< mass out of the "basket" through the constricted part into the 
animal side of the egg. On the other hand, the contracting "basket" drags the 
subcortical cytoplasm and some yoil< beneath it toward the vegetal pole. This 
movement results in the rearrangement of cytoplasmic components. The 
cytoplasmic components, which are radially arranged from the center to periphery 
in unfertilized egg, are rearranged bipolarly from the animal pole to the vegetal pole 
after fertilization. The contraction of the "basket" may be induced by the 







Fig. 11. Schen;tes illustrating the contraction of the contractile structure in ascid.ian egg 
cortex durmg the first step of ooplasmic segregation. A: "Basket" of contractile 
structure having a mouth near the animal pole and contracting in all directions at all 
points (small arrows). This contraction pushes inner cytoplasm toward the animal 
pole {large arrow) making the constriction at the mouth of the "basket". B: 
"Basket" contracts into small hemisphere, the cortex of the cytoplasmic cap at the 
vegetal pole (dark area in scheme B). Inner cytoplasm is push out toward the animal 
pole. Carmine granules are moved toward the vegetal pole as a result of surface move-
ment dragged by the contracting "basket". a.p, animal pole; vp, vegetal pole. 
I express my deep gratitude to Prof. Dr. I(enzi Osanai for his guidance through out 
the corse of this study. 
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